Builetin No. 552
February 1976

MEASUREMENT

Dorrell C. Larsen

COOPERATIVE EXTENSION SERVICE
Universityofidaho

College of Agriculture

Heprinted 1892 with permission
from the University of ldahe

SPONSORED BY
U.8, BUREAU OF REGLAMATION

IDAHO WATER USERS ASSOCIATION

IDAHO DEPARTMENT OF WATER RESQURCES




Acknowledgments

The author gratefully acknowledges the contributions to
this publication made by Allan S. Humphreys and A. R.
Robinson, Agricultural Engineers with the Agricultural Re-
search Service, USDA; L. R. Swarner, Agricultural Engineer,
Bureau of Reclamation, and D. W. Fitzsimmons, Head, De-
partment of Agricultural Engineering, University of Tdaho.

The University of Idaho College of Agriculture Bulletin No. 552 has been
reprinted to provide a general reference of water measurement devices commonly
used in Idaho and to provide supplemental material for a water measurement
video sponsored jointly by the US Bureau of Reclamation, the Idaho Department
of Water Kesources and the Idaho Water Users Associadon, Excerpis from other
publications have been added for several measuring structures which are shown
in the video but not covered in the University of daho Bulletin,

Copies of the video, "Let’s Measure Up', may be obtained through the 1daho
Water Users Association. The sponsors’ directory is included in the manual.

issuad in furtherance of cooperative extension work in agriculture and home economics,

Acts of May 8 and June 30, 1914, in cooperation with the U.S. Depariment of Agriculture,

Sames L. Graves, Director of Cooperative Extension Service, University of Idoho, Moscow,

idaho B3843. We offer our progroms ond tacilities to ofl people without regard to roce,
creed, color, sex, or national erigin.



Contents

Open flow measuring devices

Weirs
Rectangular submerged orilice
Flumes

FParshall flume

Trapezoidal flume
Deflection meters

Closed flow measuring devices

Propeller meter
Piiot tube
Pipe orifice

Equivalent units of water measurement

11
15
17

18
19
20



Table 1.
Table 2

Table 3.

Table 4.

Table 5.

Table 6.

Table 7.

Table 8.

Table 9.

List of Tables

Equivalent rates of flow

. Depth of water applied by various

flows, time and acres

Flow over rectangular contracted weirs
in cubic feet per secend

Flow over Cipolletti weirs in

cubic feet per second

Flow over 99° V-notch weirs in

cubic feet per second

Flow through rectangular submerged orifices
in cubic feet per second

Free flow through Parshall measuring
flumes in cabic feet per second

Free flow through trapezoidal measuring
flumes in cubic feet per second

Flow through pipe orifices with free
discharge in gallons per minute

25

28

29

32

35

40



WATER MEASUREMENT

By D.C. LARSEN

Associate Extension Professor and Extension Irrigationist

Increasing demands from industry, recreational interests, munici-
pal needs and agriculture are creating pressures on water, a very
important and limited resource. The greater the demand, the greater
the need for water users to use and share available water wisely. How
can a user practice good management unless he knows the amount of
water involved? Measuring water will help every user get his fair
share and be treated equally.

In today’s world good performance is demanded. In the guest for
protection of the environment, water measurement will help reduce
excessive waste and lessen drainage problems. It will establish a
record of improved use and improve public relations.

Water is measured in two ways — in motion and at rest. Motion
units used are Idaho miner’s inches, gallons per minute and cubic
feet per second. Rest units are acre-inches or acre-feet. These water
measurement units are compared in Table 1. The depth of water
applied in 12 or 24 hours by various stream sizes is shown in Table 2
for different acreages.

Table 1. Eguivalent rates of flow.

Acre-feet
Cubic fest per  1daho Miner's  Gallons per Acre-inches per day
second (cfs) inches minute {gpm) per hour {24 hours}
G2 10 90 0.2 0.4
.4 20 180 04 0.8
0.6 30 270 0.6 1.2
0.8 40 360 08 1.6
1.0 50 450 1.0 2.0
1.2 60 540 1.2 2.4
1.4 70 630 1.4 2.8
1.6 80 720 1.6 3.2
1.8 a0 810 1.8 3.6
2.0 106 800 2.0 4.0
2.2 1i¢ 940 2.2 4.4
2.4 120 1080 2.4 4.8
2.6 130 1170 2.6 5.2
2.8 140 1280 2.8 5.6
3.0 150 1350 3.0 6.0
3.2 160 1440 3.2 8.4
3.4 170 1530 3.4 8.8
5.6 180 1620 3.6 7.2
3.8 190 1710 3.3 1.6
4.0 200 1800 4.0 8.0
5.0 260 2250 5.0 10.0
8.0 300 2700 6.0 12.0
7.0 350 3150 7.0 14.0
8.0 400 3600 8.0 16.0
4.0 450 40560 9.0 18.0
10.0 500 4500 16.0 20.0
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Water is conveyed in both open channels and closed conduits. This
bulletin will consider some of the standard water measuring devices
designed to operate under open and closed flow conditions.

OPEN FLOW

Idaho has many miles of open canals and ditches, On-farm convey-
ance and distribution systems equipped with measuring devices will
improve water distribution and make the irrigation job much easier.

Rectangular weir

Cipolletti weir

V-notch weir

Fig. . Three types of weirs used in idaho.



Weirs

A weir is an over-pour notch of fixed dimensions in a vertical bulk-
head or head wall through which water may flow. When properly
constriocted, installed and maintained, it provides a simple and
accurate means of measuring water. Weirs are easy to construct and
accurate if dimensions are followed carefully. They will handle float-
ing trash and not clog easily.

Every water-measuring device has a set of standard operating con-
ditions that must be met if it is to be accurate. If these conditions
cannot be met at a given site, another measuring device should be
used. A weir requires approximately a 6-inch drop between the up-
stream and downstream water surfaces. This loss in head is often not
available in ditches with flat grades. The water must approach the
weir crest very slowly. This condition is achieved by gacking the
water up in a weir pond with a bulkhead or head wall.

If the water is carrying silt it may settle out and fill the weir pund.
This causes the approach velocity of the water to increase and the
device becomes inaccurate. Grass and weeds thrive in the slow water
anddt,he weir pond requires maintenance to keep it free of silt and
weeas.

Commonly used weirs, classified by the shape of the notch, are the
rectangular weir, the Cipolletti weir, and the V-notch weir as illus-
trated in Fig. 1.

How to Install a Weir

A weir can perform accurately only if correctly constructed, in-
}stail?}ci and used. The following standard conditions must be fol-
uwed.

1. Set the weir in a channel that is straight for a distance upstream
from the weir of at least 10 times the weir crest length.

2, Place the weir at right angles to the direction of flow, and vertical.

3. The water approaching the weir should be free from eddies and
flow slower tﬁan one-half foot per second. A weir pond can be
created by the way the structure is built. The height of the crest
above the bottom of the ditch should be al least wice the maxi-
mum head or depth of water flowing over the crest. The distance
from the side of the weir notch to the side of the channel should
be at least twice the maximum weir head. This is called a con-
tracled weir. A bulkhead of the above proportions is used with a
metal weir plate fastened to it.

4. Aveid backing the water up on the downstream side of the weir.
Water must flow freely below the device, leaving an air space
under the over-falling sheet of water. A concrete or rock apron
should be used to prevent washing below the structure.

5. The weir plate containing the notch is usually made of steel plate
na thicker than 1/8 inch. 1t must have exact dimensions and its
edges must be rigid, straight and sharp on the upstream face. The
notch should be beveled at 45 degrees on the downstream side.
Avoid knife edges as they are difficult to maintain. The weir crest
shanld be level and very accurate in length,

6. Select the crest size so the minimum head to be measured exceeds
2 inches and the maximum head is not greater than one-third the
length of the weir.



Rartnngular

Cipolletti

Piate

Crest Recommended range Symbol dimensions

tength of measurement in
1% C.fs. C=H o] E F G J K 14 N o X
ft. Rectanguiar Cipofiettt  ftin  ftin  fiin frin frin frin fein ftin fin ftin s

For Rectangular and CipoHetti Wairs
1.0 2t & ZFw 6 8 0 58 0 3703 2 26 10 1.4 2
1.5 Atz 1.7 31w 1.8 1 1-4 46 14 2 36 26 3 1G 14 3
2.0 4to0 3.5 4w 37 17 2 & 2 2 4 3 36 1 -6 3%
30" fto 85 6w 100 16 26 7 26 286 44 44 5 -6 2 /%
40" Bwi95 91207 2 310 84 310 2990 5 56 6 2 26 &
For 80° V-Notch Weirs

2.0 02w015 1 i6 b % 8 38 26 3 G 14
340 021040 164 22 62 22 34 4 35 4 % 1-8

“Use G & G No. 17 wire mesh reinforeing or equivalent.

Fig. 2. Dimensions and capacities for Rectangular, Cipolletti and 90-degree

V-notch weirs,



How to Measure

The water surface as it flows over the crest is drawn down as veloc-
ity increases For this reason any measurement at or on the crest is
not as accurate as the methods described below.

Drive a 2 x Z-inch flat-topped stake in the ground in the weir pool
upetream from the crest a distance of 4 times the maximum head.
Place the stake to one side in still water out of the way but readily
accessible for taking readings. Use a carpenter’s level or an engineer's
level to set the top of the stake at the same height as the crest of the
woir. The depth of flow iz measnred fram the top of the stake to the
surface of the water above it. In Idaho, frost will probably heave the
stake out of place so that it would have to be re-set and maintained
annually to keep the top at the same level as the weir crest.

An observation well (equipped with a staff guage] next to the weir
head wall and fed by a pipe from the weir pond will refine the reading.

Water depth may be measured on a bulkhead wide enough so the
gauge can be atiacixed to it in smooth water and be unaffected by the

rawdown over the crest. The gauge should be at least 1 to 114 feet
away from the side of the notch, Place the zero on the staff gauge at
the same height as the crest.

A rectangular weir is the simplest to construct. its crest is hori-
zontal and its sides perpendicular. Table 3 gives the discharges over
various widths of rectangular weirs with complete coantractions.

The Cipolletti weir {named after its inventor, Cesare Cipolletti,
an Italian engineer} is used most in Idaho because it will measure
slightly more water than a rectangular weir with the same crast
length. 1t is more difficult to construct. The sides diverge outwardly
at a 1 to 4 slope (1 inch horizontally to 4 inches vertically). The dis-
charges for various widths of Cipoﬁetti weirs with contractions are
shown in Table 4.

The V-notch weir is designed to handle smali flows accurately. A
a0-degree angle or V-notch can be laid out very easily using a car-
penter’s square. Discharge tables for the V-notch with complete con-
tractions are shown in Table 5. Construction details and dimensions
for the weirs mentioned above are illustrated in Fig. 2.

Rectangular Submerged Orifice

A rectangular submerged orifice is a sharp-edged rectangular open-
ing in a vertical bulkhead placed in a stream perpendicular to the
direction of flow. having the upstream and downstream water surface
above the orifice as shown in Fig. 3. The cross-sectional area of the
orifice is small in relation to the stream cross-section. These condi-
tions provide complete contraction of stream flow and the approach
velocity of the water becomes negligible.

This device is used on relatively flat ditches where fall is not ade-
quate for a weir. It is simple, easy to construct and accurate. Water
shonld he free from floating trash as it will clog very easily.



How to install

The following standard conditions must be met if water measure-
ments are to be accurate:

1. The ortiice opening must be submerged at all times to be accurate.

2. The orifice apening must be rectangular and have sharp edges. It
should be made of metal.

3. In order to contract the flow, the distance from the edges of the
opening to the channel sides and botiom must all be at least twice
the least dimension of the orifice.

4. The head wall must be vertical and perpendicular to the direction

of flow with the top and bottom of the orifice horizontal and the
sides vertical,

o
X
4 /)
i -
. i
g ~ " -"' N l‘
Orifice Meral > ”' ' \\\i)

piate 28 =5

Size of orifice Symboi dimensions
i3 c Area in  Recommended range A | 4 M P x
of measurement in
Ft-in  Ftn 5q.f1 Cts. Filn  Fiin Ft-ln  Fi-ln  Frin  Fein
1 3 .25 41610 8-4 4 3 26 311 2-11
1-4 3 33 Ste 1.4 88 4 3 3 1-31 3-4
2 3 .50 B2 S-10 4.3 3 36 2-2 32
4 33 Stol4 9 4-4 3 6 2 33
18 4 50 B1to2.1 10 4.7 3 3 23 36
2.3 4 .78 1.0t 3.2 11-3 4.10 36 36 2-8 3-10%
1 ] B0 Bria 106 &1 3 2 3 4-u
16 8 T8 101032 116 5-4 35 3 26 4.3
& 1.00 151043 12 54 36 36 26 4.3
3 [+ 1.60 23w065 14 5-10 4 4-6 3 4.9
1-4 g 1.00 151043 126 511 36 3 26 4-9
2 9 1.50 Z3to6.b 1895 &7 a4 36 3 5-6
28 4 2.00 30w8? 16 7 4 4 36 6-0

Fig. 3. Dimensions and capacities for Rectangular Submerged Orifice.
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5. The cross sectional area of the channel 20 to 30 feet upstream
should be at least eight times larger than the area of the orifice.
Iiztecommended orifice dimensions and capacities are shown in
g, 3.

How to Measure

The effective head should be carefully measured. Staff gauges level
with the bottom of the orifice should be installed on the upstream
and downstream side far enough away from the orifice to avoid tur-
bulence. The difference in the water depth reading on the two gauges
is the effective head.

The cross-sectional area of the orifice must be measured carefully.
%ng;ving the head and the area, the discharge can be found from
able 6,

Flumes
Flow measuring flumes are open-channel devices containing a
specially-shaped constricted-throat section. They can be constructed
from metal. concrete or fiberglass. Standard designs are available to
measiure water over a wide flow range. Two types are commonly used,
Parshall and trapezoidal. Either can be mage on the farm or pur-
chased commercially.

Flumes can operate in a flat diteh and require a relatively small
head loss. They are self-cleaning and do not require a pool upstream
to reduce the approach velocity. Flumes can operate accurately over
a wide range of flows. The velocity of water as it approaches the
flume has little effect upon its operation. Unless submergence (water
backing up in the throat} occurs, only one head measurement is re-
quired to obtain the correct flow. The pre-built flumes can easily be
re;sgg in colder areas where the frost might heave them out each
winter.

Flumes are relatively expensive when cast in place. Considerable
care must be used in {orming them to the correct shape and dimen-
sions, such as throat width, drop and diverging sections and gauging
wells. The size of the flume is determined by the throat width. For
instance, a 6-inch flume would have a 6-inch throat width.

Parshall Flume
The Parshall flume, developed by Ralph Parshall at Colorado State
University, is the oldest and most widely used flume. This flume is
iliustrateg in Fi§. 4. Dimensions and capacities for Parshall flumes
ranging in size from 6 inches to 4 feet are shown in Fig. 5. Larger
sizes are available.

How to Install

1. The direction of water flow must be *‘in line”’ with the structure.
The flow should be reasonable smooth, free from turbulence and
uniformly distributed across the channel.

2. The flume should be installed to operate under free flow condi
tions if possible. Free flow occurs when the elevation of the water
surface near the downstream end of the throat section is not high
enough to reduce flow due to water backing up in the throat.

11
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Fig. 4. Parshall measuring flume.

3. In most cases the flume is set with the floor {or crest} elevatea
above the ditch bottom to prevent excessive submergence. The
amount to raise the flume corresponds to the head loss through the
structure at about 70% submergence. The flume is set so the
water elevation at Ha is higher than the normal tailwater down-
stream by an amount equal to the head loss. The head loss at 70-
gusbxﬁergence is the difference between Ha and 0.7 times HA or

B HA.

4. The floor of the converging section must be level both length-
wise and crosswise,

How to Measure

For free flow, one measurement of water depth at Ha is all that is
recuirad. Discharge tables are shown in Table 7.

A staff gauge attached to the inside wall at HA will function for a
depth measurement. The water surface here is often turbulent and a
reading will be more accurate if a stilling well is installed with the zero
of the gauge level with the crest of the flume.

The Parshall flume can be operated with a high depree of submer-
gence — up to 70%. This means it will be accurate as long as the ratio
Hbfé{ A is less than 0.70. Below this figure only HA need be mea-
sured.

When submergence or HR/HA is greater than 0.70 a correction
must be made. To do this the discharge given by the water depth I1a
is multiplied by the correction factor Q/Qo for the degree of submer-
gence and corresponding flume size shown in Fig. 6, This correction
can reduce flow by a factor of up to 45%.

12
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Fig. 6. Parshall measuring flume correction factors for submerged fiow,

Fig. 7. Trapezoidal flume.
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Trapezoidal Flume

The trapezoidal flume (Fig. 7) is relatively new. It is accurate and
has the saine advantages as the Darshall flume.

This flume is easier to build than the Parshall flume. Its cross sec-
tion corresponds to the shape of many farm ditches. Procedures have
been developed to cast this flume in existing concrete-lined Jditches.

Because its sides diverge with depth, the trapezoidal flume of a
given throat width can carry a wider range of flows than the same
size Parshall flume. It can be used at a higher degree of submergence
than the Parshall flume, up to 80%, with an error of less than 3%
before a correction factor must be taken into account.

How to Install

Basically the trapezoidal flume is installed in the same manner as
the Parshall flume. Its dimensions are shown in Fig. 8,
1. The flume should be installed level in both directions if possible,
but may be installed on slopes within determined limits if cast

t -l
HL1v~t— tz.n-ﬁl;k
ia TL:T La i
¥ w
e T
I - P Nl
RN

T g | 2= & w e 7

8] B¢

ad

PLAN VIEW THROAT SECTION
r' wh
o L e Ws
. ‘-’__5‘ W
i R e S
Fitting for /t 12 whlark 1s ‘PB:E‘\(
rtorder wil! t‘hl 1
PROFILE  VIEW END VIEW
L Ly L2 L3 Lq Lg Lo Wy W3 s

F‘:{ge Ftln  Ftin  Frit  Ftla  Ftin Filn  Fiin  Etin Ftin Fi-in

1 5-1%/8 13 1-51/16 10 156 6 3-101/8 38 3- 13/16 1-105/8
2 108 2-0 3G 26 2-0 1-0 76 9-6 8-6 4. 95/8
Free Flow Capouity
B.I By ay dy H rd G Minimum Maximum
Flume
No. Frin Fein Ft-In Ftin Ft-In cfs cfs
1 -G 413116 3/ 13/4 14 1.00 45900 0.18 0]
2 20 1-0 6 L] 3.0 1.2% 38240 0.71 51.49

Fig. 8. Trapezoidal flume dimensions for two different size structures.
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within concrete ditches. The maximum slepe limit is about 0.0035
foot per foot or the critical siope for the given flow. If the botom
slopes, the zero reference on the staff gauge (located at H1) should
be the same as the elevation of the center of Lhe Lhroat section.

2. Only one measurement for free flow is required, at hl. The staff
%auge can be attached to the sloping side wall. In this case the
ume should be carefully leveled transversely so the staff gauge

is on the exact slope specified. The use of a stilly well is more
accurate.

3. The bottom of the flume and the bottom of a lined channel can be
the same if the slope iz adequate. If the slope is not adequate,
which is usually the case, the invert or flume opening will be above
the channe! bed level. This can be chosen arbitrarily although it
must be kept in mind that the higher the invert, tﬁl!e higher the
upstream water level, requiring higher ditch banks. The invert
should always be higher than the ditch bottom on earth ditches,
invert height should be selected to provide free flow. The height
generally used is the same as that used for the Parshall flume —
that is, the head loas through the tropezoidal flume at 70% sub
mergence.

1.0 »"Frolt Flow_\
09 52.'?:&% 2
O/Q,O 8
07 t
| 086
0.5

50 60 70 80 90 100

h
Percent Submergence~ i: X100
|

Fig. 9. Trapezoidal flume correction factors for submerged flow.
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How to Measure
Under free flow conditions one reading of water depth at hl is all

that is needed. Discharges are shown in Table & for either sloping
wull ur vertical measurement of hl.

When the ratio of the depth of water at h4/hl is 0.80 or greater,
the correction factor (Q/Qo) shown in Fig. 9 must be used. The dis-
charge found from the regular h1 measurement muitiplied by the
correction factor will give the correct discharge. Submergence may
reduce the discharge up to 40%.

Deflection Meters

A deflection meter is a commercial meter consisting of a specially-
shaped vane suspended in flowing water (see Fig. 10]. An indicatin
device or head attached to the vane measures t%m deflection cause
by the force of the fluid flow againstthe vane. The amount of flow,
determined by the amount of vane deflection, is read directly on a
scale opposite an air bubble within a liquid-filled tube. The vane is
shaped so that the meter indicates the same flow for high velocities
and shallow depths as for lower velocities and greater depths. The
meter must be used in the standard channel section for which it was
developed and calibrated. In addition, it must be instailed and
operated according to the manufacturer’s recommendations. Meters
are available for both rectangular and trapezoidal sections in various
flow ranges.

The meter vane and indicating head are pertable and may be muved
from one station to another. In use, they rest on permanent brackets

Fig. 10. Deflectinon meter instaliation.



attached to the standard channel liner. The standard section of con-
crete or steel is permanently installed in the ditch and may be ob-

tained commercially or constructed according to manufacturers’
specifications.

The device is simple, portable, direct reading, and operates with
practically no head loss. It is less sensitive to approach and down-
stream conditions than most devices and unaffected by submergence.
wWind will affect the detlection device and decrease accuracy. The
channel must be kept free from debris. 1t is not adapted where con-
tinuous flow records are needed. The meter is expensive but the same
unit can be used at a number of locations if a standard cross-section
and brackets are mermanently located at each site.

CLOSED FLOW

Almost one-third of Idaho's irrigated acreage is served by ground-
water pumping. The water is confined in a pipe in most closed flow
systems until it is delivered to a head or conveyance ditch or leaves
an individual sprinkler head. The following devices are some that are
recommended for a closed system, These measuring devices can be
used to obtain either an instantaneous reading of the flow rate,
totalize the volume of flow measured, or both. Accurate measurement
can reduce pumping plant and well maintenance and guard against
plant failure by signaling any change in flow in a closed system.

PROPELLER METER
Propeller or displacement type meters utilize the mass of the water
flowing through a confined area of known size to turn a propeller as
illustrated in Fig. 11. They are made commercially by several manu-
facturers and sold by many Idaho firms.

The meter is accurate, easy to imstall In any closed system and
covers a wide range of flow. F{ow and pressure limits are provided by
the manufacturer of the specific meter. Propeller meters can record
the flow rate, accumulative volume or both. Most manufacturers

Fig. 11. Typical propelier meter. Several kinds are manufactured
commercizlly.
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feature a magnetic drive between the propeller and the counter rather
than a direct drive. This reduces the drive gear and reduces main-
tenance costs.

Water should be free of debris. Water carrying large amounis of
sand can easily cause wear on the propeller, reducing its accuracy and
increasing maintenance costs.

Propelier meters have a high first cost and require an annual main-
tenance program as the meter has many working parts which operate
continuocusly for about 2400 hours per year. The bearings and the

ropelier should be carefully checked. Good maintenance is essential,

The meter should be calibrated periodically to provide accurate
measurement.

How to Install

1. The water must approach the propeller at right angles.

2. Orient the propeller carefully within the pipe. The axis of propel-
ler and pipe must be parallel.

3. Place the meter at least 6 pipe diameters downstream from the

entrance tn the straight pipe section it is installed in. If closer,
install straightening vanes.

4. Adopt a periodic inspection and meter calibration schedule. Do
seasonal maintenance work.

5. Follow the manufacturer's installation instructions and operating
table.

‘ Pitot Tube

A pitot-static tube may be used to determine the flow velocity of
fluid in a closed conduit. The instrument is easy to install, accurate
over a wide flow range, has a low maintenance requirement, and the
pressure loss caused by it is very small.

This instrument consists of a tube with 2 right angle bend near one
end which is immersed in the fluid with the bent portion parallel to
the direction of flow and pointing upstream. The tube ig divided into
two compartments with a port or small impact opening on the tip
of the tube leading into one compartment and another opening along
the side of the tube leading to the other compartment. Another type
uses two tubes to measure the velocity-head differential. The tubes
are placed transversely through the pipe. The side of the tube against
the direction of flow contains several holes which serve to average the
static pressure throughout the pipe. This type is shown in Figure 12,
A pitot tube will provide the flow rate but will not give accumulated
volume without special instrumentation.

A manometer is used to measure the difference in head between the
two pitot tube openings from which the velocity head is determined.
At low flow velocities, head differentials are small and reading errors
greatly affect the results. A sensitive manometer which can be used
to measure small pressure changes is important in this case. If a
farmer has more than one well or pump, he can install the pitoi-tube
device at each location and use one portable manometer to deter-
mine the discharge. The device is easily installed without disman-
tling the system. Depending on the type, one or two small holes
tapped in the pipe are all that will be required. Clean water is impor-
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Fig. 12. Pitot tube water measuring device. Several kinds are available
enmmaercially.

tant. Most pitot tubes contain small holes which can become plugged
easily with foreign materials in the water, especially if sand particles
are suspended in the water. Some tubes are designed to try to mini-
mize this hazard. Water containing large amounts of salts or un-
balanced metals is hazardous. These chemicals may precipitate out,
plugging the device. Consideration should be given to ease of removal
of this instrumeni {or periodic cleaning and nspection,

Installation procedures and rating tables are furnished by the
manufacturer.

Pipe Orifice

Pipe orifices are used to measure discharge from the open end of a
pipe or within the pipeline system.

A circular orifice plate installed on the end of a pipe can be used to
measure flow within a range of 50 to 2,000 gallons per minute. The
free discharge type is more commonly used in Idaho than the in-line
device. It is constructed and installed as shown in Fig., 13. Ratio of
the orifice diameter to the pipe diameter should be no less than 0.50
nor greater than 0.83. A ratio must be selected which will cause the
piie to flow full. The head is measured with a manometer or a glass
tube and scale graduated in inches. This ie placed two feet upstream
from the orifice. The pipe must be level with no elbows, valves, or
other fittings closer than 4 feet upstream from the manometer,

Discharge values for various combinations of orifice and pipe sizes
for heads up to 70 inches are found in Table 9. The orifice is well
suited to measure water flowing from a pump into a pond or ditch.
It is simple to instail and use. This device will provide the rate of
flow only. The principal disadvantage of the pipe orifice with free
discharge is its relative large head loss. For this reason other devices
are normally used, as the device has to remain installed because
removing it would reduce the head and the pump would provide more
water than the official reading.

20



The inpipe type uses a thin pipe orifice inserted across the pipeline.
Readings must be taken upstream and downstream with a man-
ometer. The pipe orifice can be installed at each location where a
measurement is wanted and a portable manometer can be used to
measiure the head at each location. It is capable of producing accurate
flow measurements.

How to Install and Measure

1. There should be at least 4 feet of straight pipe from an elbow
valve or other flow impairment leading into the orifice plate.

2. The pipe must be horizontal and flowing full of water to obtain an
accurate measurement. Water must fall freely from the orifice.

3. An error in measurement of the diameter of the orifice will be
doubled in area of discharge. Use exact diameter. The upstream
side of the orifice should be relatively sharp.

4. The end of the discharge pipe should be threaded so that a coupler
can be screwed on it to hold the plate against the end of the pipe.

5. A hole is tapped into the pipe 24 inches back from the end o the .
piate (Fig. 13}. A vertical Eiass or plastic tube is attached by
means of an elbow. The height water stands in the pipe sbove the
center line of the pipe is the static head upon the orifice.

6. The tube must be free of air bubbles, which cause a higher reading.
Before reading allow water to run out of tube to remove sand and
air particles. A small needle or gate valve installed in the man-
ometer tube can be used to dampen oscillations for a more precise
reading.

Fig. 13. Pipe orifice with free discharge.
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Table 3. Flow over rectangular contracted weirs
in cubic feet per second*.

f(-;?jr_ eachi

additiona

Crest length {L} foot of crost
Head Head i 0foot  1.5teet  ZLUfeet  d.Ufeet  4.Ufeet Ipexcess
inft in inches, of 4 ft.
“H"  approx. Flow in cubic feet per second (approx.}
0.i; 1-3/16 0.105 0.168 0.212 0.319 (.427 G.108
0.11 1-6/16 0.121 0.182 0.244 0.367 0.491 15124
012 1-7/16 G137 0.207 0.277 0.418 0.559 0.141
0.12 1-9/16 G.155 (.233 .312 0.470 0.629 0.159
.14 1-11/16  0.172 0.260 (3.348 0.524 ¢.701 01717
0.13 1-13/16 ¢.191 0.2886 0.085 0.5681 0.776 G.166
0.18 1-15/16  0.210 0.33i6 0.423 {0.638 0.854 0.216
a.17 2-1/16 (.229 0.346 0.463 0.698 0.934 (.236
0.18 2-3/18 G.249 0.376 0.504 0.760 1.02 0.257
0.19 2-1/4 0.270 0.407 0.546 0823 1.10 0.278
0.20 2-3/8 0.291 6.439 0.588 0.887 1.19 $.303
0.21 2.1/2 0.312 0.472 0.632 0.954 1.28 0.326
0.22 2.5/8 0.335 0.505 0.677 1.02 1.37 0.35
0.23 2.3/4 0.358 0.539 0.723 1.09 1.48 0.37
.24 2-7/8 0.380 0.574 0.769 1.16 1.55 .39
0.25 3 0.404 0.609 0.817 1.23 1.65 0.42
0.268 3-1/8 0.428 0.646 0.865 1.4 179 0.44
0.27 3174 0.452 0.682 0,914 1.38 1.85 0.47
0.28 3.3/8 0477 0.720 0.965 1.46 1.95 0.49
0,22 3-1/2 0.502 0.758 1.02 1.63 8.05 0.52
0.30 3-5/8 0.527 06.798 1.07 1.61 2.18 0.55
0.31 3-3/4 0.533 (.836 1.12 1.6 2.26 0.57
0.32 3-13/16  (.580 0876 1.18 1.77 2.37 0.6G
0.33 3-15/16  0.606 G.816 1.23 1.86 2,48 .62
0.34 4-1/16 0.634 0.957 1,24 1.94 Z.50 G.66
0.35 4-3/16 0.661 0.989 1.34 2.02 2.71 0.69
0.36 4-5/16 0.688 1.04 1.40 2.11 2.82 0.71
0.37 4-7/16 0717 1.08 1.45 2.20 2.94 0.74
0.58 1-9/16 0.745 1.1% 1.51 228 306 HIR
0,39 4-11/¥6  0.774 1.17 1.57 2.37 3.18 0.81
0.40 4-13/16 0804 1.21 1.63 2.48 3.30 0.84
0.41 4-15/16  0.833 1.26 1.69 2.55 3.42 0.87
0.42 5-1/16 0.863 1.30 1.75 2.65 3.54 0.89
0.43 5-3/16 0.893 1.db 1.81 2.74 3.67 0.93
0.44 5-1/4 0.924 1.40 1.88 2.83 3.80 0.97
0.45 5-3/8 04.955 1.44 1.94 2.3 3.93 1.00
0.486 5-1/2 0.986 1.4% 2.00 3.03 4.05 1.02
0.47 5-5/8 1.02 1.54 2.07 3.12 418 1048

© 048 5-3/4 1.05 1.59 2.13 3.22 4.32 1.10
(.49 57/8 1.08 1.64 2.20 3.32 4,45 1.13
G.50 g 111 1.68 2.26 3.42 458 1.16
0.51 61/8 1.15 173 2.33 3.52 4.72 1.20
0.52 6-1/4 1.18 1.78 2.40 3.6¢ 4 56 £.24
0.53 §-3/8 1.21 1.84 2.46 3.73 4.99 1.26
0.54 6-1/2 1.25 1.89 2.53 3.83 5.13 1.30
0.55 6-5/8 1.28 1.94 2.60 3% 5.27 1.33
0.58 6-3/4 1.31 1.00 2.67 4.04 5.42 138
0.57 6-13/16 1.35 2.04 2.74 4,15 546 1.41
0.58 6-15/16 1.38 2.09 2.81 4.26 5.70 1.44
(.59 T-1/18 1.42 Z2.18 2.88 4.36 5.85 1.49

*Computed from Cone's formula: Q=3.247 LH 0.56610 ° e

2L

22



Table 3 {Continued). Flow over rectangular contracted weirs.

For each
Crest length (L} additional
foot of crest

Head Head 1.6 foot 1.5 feet 2.0 feet 3.0 feet 4.0feet  inexcess
inft.  ininches, of 4 ft.
" approx. Flow in cubic feet per second lapprox.}
0.60 7-3/16 1.45 2.20 2.96 4.47 6.00 153
u.6i 7-0/16 1.48 2.25 3.03 4.09 6.14 1.656
{.62 T-1/16 1.62 2.8l 3.10 4.69 6.29 1.80
0.65 7-9/16 1.56 2.36 3.37 4.81 6.44 1.63
0.64 7-11/16  1.60 2.42 3.25 4.92 6.59 1.87
0.65 7-13/16  1.63 2 47 2.32 503 6.75 1.72
0.66 7-15/16  1.67 2,53 3.40 5.15 6.90 1.7%
.67 8-1/16 1.71 2.59 3.47 5.26 T.05 1.79
.68 8-3/18 1.74 2.64 3.56 5.38 7.2%1 1.83
0.69 8-1/4 1.78 2.70 3.63 5.49 7.36 1.87
070 B-3/8 1.82 2.76 3.71 5.61 7.52 1.91
.71 8-1/2 .86 2.81 3.78 5.73 7.68 1.95
0712 8-5/8 1.90 2.87 3.86 5.85 7.84 1.99
06.73 8-3/4 1.93 293 3.94 5.97 8.00 2.03
0.74 8-7/8 L7 2.99 4.02 6.09 817 2.08
0.75 9 2.01 3.05 4.10 6.21 8.33 2.12
¢.76 9-1/8 2.08 3.11 4.18 6.33 B.49 2.16
0.77 9-1/4 2.09 3.17 4.26 6.45 5.66 2.231
0.78 9.3/8 2.13 3.23 4.34 6.58 8.82 2.24
079 9-1/2 2.17 3.29 4.42 6.70 8.99 2.29
0.80 9-5/8 221 3.35 4.51 6.83 9.16 2.33
0.81 9-3/4 225 3.41 4.59 6.95 9,33 2.38
0.82 9-13/16 2.29 347 4.67 7.08 950 242
0.83 9-15/16 2.33 3.54 4.75 T21 9.87 246
0.854 -10-31/16  2.287 3.60 4.84 7.33 Q.84 251
0.85 10-3/16 241 3.66 4.92 7.46 10.01 2.65
0.86 10-5/16  2.46 3.72 5.01 7.59 10.19 2.60
0.87 10-7/16  2.50 3.79 5.10 72 16.36 2.64
0.88 10-9/16  2.54 3.85 5.18 1.85 10.64 2.69
0.89 10-11/16 2.58 3.92 5.27 7.9Y i0.71 2.2
0.90 10-13/16 2.62 3.98 5.35 8.12 10.89 2.7
0.91 1016716 2.67 4.05 5.44 8.26 11.07 2.82
0.92 11-1/i6 2.7} 411 5.53 B.38 11.25 2.87
0.93 118/18 £.75 4.18 5.62 g.52 11.42 24ai
.94 11-1/4 2.19 4.24 5.71 B.65 11.61 2.96
0.95 11-3/8 2.84 4.31 5.80 B.79 11.79 3.00
0.96 11-1/2 288 4.37 5.89 8.93 11.88 305
0.97 11-5/8  2.93 4,44 5.98 9.06 12.16 3.10
0.98 131-3/4 2.97 4.51 B 9.20 12.34 3.4
0.99 13-7/8 3.01 4.57 6.15 2.34 12.53 3.19
1.60 12 3.086 4.64 6.25 9.48 12.72 3.24
1.01 12-1/8 4.71 6.34 9.62 12,91 329
1.62 12 174 4,78 6.43 8.76 1210 3.34
1.03 12-3/8 4.85 6.52 9.90 13.28 338
1.04 12-1/2 4.92 8.62 10.04 13.47 3.43
1.058 12-5/8 4.98 6.71 10.18 13.66 3.48
1.06 12-3/4 5.05 6.80 30.32 13.85 3.53
1.07 12-13/16 5.12 6.90 30.48 14.04 3.8
1.08 12-15/16 5.20 6.99 14.61 14.24 3.83
1.09 13-1/16 5.26 7.09 10.75 14.43 3.68
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Table 3 {Continued). Flow over rectangular contracted weirs.

For each

Crest length (L) additional
foot of crest
Head Head 1.0foot  1.5feet  207feet 30feet 4.0feet  inexcess

inft. ininches, of 41t.

“H" approx. Flow in cubic feet per second lapprox.}
1.10 13-3/16 5.34 7.19 10.90 14.64 3.74
1.11 i3-5/18 5.43 7.28 11.04 14.83 .74
1.12 13-7/16 5.48 7.38 11.19 15.03 3.84
1.13 13-9/18 5.65 7.47 11.34 15,22 3.88
1.14 13-11/16 5.62 7.57 11.48 15.42 3.94
1.16 13-13/36 5.69 7.66 11.64 15.82 3.98
1.16 13-15/18 a.77 7.16 11.79 i0.82 4.03
1.17 14-1/16 5.84 7.86 11.94 16,02 4.08
1.18 14-3/16 5.91 7.96 12.09 16.23 4.14
119 14-1/4 5.98 8.06 12.24 16.43 4.19
1.20 14-3/8 8.06 8.16 12,30 IR63 4.24
1.21 14-3/2 6.13 B.26 12.54 16.83 4.29
1.22 14-5/8 6.20 8.35 12.69 17.03 4.34
1.23 14-3/4 6.28 8.46 12.85 17.25 4,40
1.24 14-7/8 6.35 8.58 12.99 17.45 4.46
1.25 15 6.43 8.66 13.14 17.65 4.53
1.26 15-1/8 13.30 17.87 4,57
1.27 15-1/4 1345 18.07 4.62
1.28 15-3/8 13.61 18.28 4.67
1.29 15-1/2 . 13.77 18.50 4.713
1.30 15-5/8 13.93 18.71 4.78
1.31 15-3/4 14.09 18.92 4.82
1.32 i5-13/1¢6 14.24 19.12 4.88
1.33 15-15/16 14.40 19.34 4.94
134 16.1/18 14.66 19.55 4,99
1.35 16-3/18 14.72 1971 5,05
1.36 16-5/16 14.88 19.98 5.10
1.37 16-7/16 15.04 20.20 5.16
1.38 16-9/16 15,20 20.42 5.22
1.38 16-11/16 15.36 20.64 3,28
1.40 16-13/18 15.53 20.86 533
1.41 16-15/16 15.69 21.08 5,39
1.42 17-1/18 15.85 21.29 5.44
1.43 17-3/18 1602 21 72 A5

- 1.44 17-174 16.19 21.74 5.55
1.45 17-3/8 16.34 21.96 5.62
1.46 17-1/2 16.51 22.18 5.67
1.47 17-5/8 16.68 22.41 5.73
1.48 i7-3/4 16.84 22.64 5.79
1.49 i7-7/8 17.01 22.85 5.84
1.50 18 17.17 23.08 591

24



Table 4. Flow over Cipolletti weirs in cubic feet per second.*

Pc;(ér ead;]
addition
Crest Jength (1) foot of erest
Head Head i0foot 1.5foat 20feet 3.0fcet 40feet inexcoss
inft in inches, of 4 ft.
“H approx. Flow in cubic feet per second (approx.)
0.19 13716 0.107 0,160 0.214 (.321 0.429 0.108
0.11 1-5/16 0.123 0.185 0.248 0376 0.494 .14
0.12 1-7/16 0.140 0.210 0.280 0.421 0.562 3,141
0.13 1-9/16 0.158 0.237 0.316 0.474 0.632 0.159
0.14 1-11/16 0177 0.264 0.352 0.528 0.706 0177
0.18 1-13/1€ 0,198 0.263 3.390 0.688 0.782 0.196
0.16 1-15716  0.218 0.322 0.430 0.644 0.860 0.216
0.17 2-1/186 0.237 0.353 0.470 0.705 0.941 0.236
0.18 2-3/16 0.258 0.384 0.512 0.768 1.024 0.257
.19 2-1/4 0.280 0.417 0.555 0.832 1.110 0.278
[E841)] -3/8 U3ue U.45U U.5499 1.898 1.20 0.302
0.21 2-1/2 0.324 0.484 0.644 0.966 1.29 0.324
0.22 2-5/8 0.348 0.619 0.691 1.04 1.38 0.35
0.23 2-3/4 0.574 0.555 0.739 1.11 1.47 0.37
0.24 2-7/8 0.397 0.591 0.786 1.18 1.57 0.39
0.25 3 0.423 0.628 0.836 1.25 1.67 0.42
0.26 3-1/8 0.449 0.667 0.886 1.33 1k 0.44
0.27 3-1/4 0.475 0,705 0.937 1.40 1.87 0.47
0.28 3-3/8 0.502 0745 0.990 1.48 1.97 0.4%
.29 3-1/2 0.520 785 1.04 1.56 2.08 0.52
0.30 3-5/8 0.55% 0.827 1.10 1.64 2.19 0.56
0.31 3-3/4 0.586 0.86% 1.15 1.73 2.30 G457
0.32 3-13/18  0.615 0.911 1.21 1.81 2.41 0.80
0.33 3-15/16  0.844 0.954 127 1.89 2.52 0.62
.34 4-1/16 0.675H 1.00 1.32 1.8 2.84 0.60
0.35 4-3/16 0.703 1.04 1.38 2.07 2.75 0.69
0.36 4-5/16 0.135 1.09 1.44 2.16 2.87 0.71
0.37 4-7/16 0.767 1.13 1.50 2.25 2.99 0.74
.38 4.9/16 0.799 1.18 1.57 2.34 311 0.78
0.39 4-11/16  0.832 1.23 1.83 2.43 3.24 0.83
0.40 4-13/16 0.866 1.28 1.69 2.53 3.36 0.84
0.41 4-15/16  0.899 1.32 1.76 2.62 3.49 (.87
0.42 5-1/16  0.932 1.37 1.82 2.72 3.61 0.88
0.43 5:3/186 0.967 1.42 1.89 2481 a0.74 0.93
0.44 5-1/4 1.00 1.47 1.95 2.91 3.87 0.97
0.45 5-3/8 1.04 1.53 2.02 3.01 4.01 1.00
0.48 5-1/2 .07 1.58 2.09 .11 4.14 1.02
047 5:5/8 1.11 1.83 2.16 3.21 4.28 1.06
0.48 5-3/4 1.15 1.88 2.23 3.32 4.41 1.10
-0.49 5-7/8 1.18 1.74 2.30 3.42 4.55 1.13
-0.50 6 1.22 179 2.37 3.583 4.69 1.16
0.51 6-1/8 1.26 1.85 2.44 3.64 4.83 1.20
0.62 6.1/4 1.30 1.00 261 3.74 4.97 1.24
0.53 §-3/8 1.34 1.96 2.59 3.85 5.12 1.28
0.54 6:1/2 1.38 .02 2.66 3.98 5.26 1.30
0.55 6-5/8 1.42 207 2.74 4.07 5.41 1.33
0.56 6-3/4 148 2.13 2.81 4.18 5.56 1.38
0.57 . 6-13/16 150 2.19 2.89 4.30 5,71 1.41
0.58 6-15/16  1.54 2.25 2.97 441 5.86 1.44
0.59 T1-1/18 1.58 231 3.05 4.53 6.01 1.49
*Computed from Cone's formula: Q@ 3.247 L H ‘i-%" H' 40,609 H*®
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Table 4 {Continued). Flow over Cipolletti weirs.

P(;cc){r each]
. additiona
Cresl length {L) foot of crest
Head Head 10foot 1.5feet 2.0feet 3.0feet 4.0feet inexcess
inft.  ininches, of 4 ft.
“H” approx. Flow in cubic feet per second {approx.)
0.60 7-3/16  1.62 2.37 3.13 4.64 6.17 1.53
0:61 7-5/16 1.87 243 3.20 4.6 .32 1.55
0.62 T-7/18 1.71 2.49 3.28 4.88 647 1.60
0.63 7-8/16 1.98 2.55 3.37 5.00 6.63 1.63
.64 T-11/16  1.80 2.62 3.45 5.12 6.79 1.07
0.65 7-13/16  1.84 2.68 3.53 5.24 §.95 1.72
0.66 7-156/16 1.89 275 3.61 5.36 7.11 1.75
0.67 8-1/16 1.93 2.81 3.70 5.48 1.28 1.79
0.68 2.3/18 108 2 87 379 5.61 T.44 1.83
0.69 8-1/4 2.02 2.94 3.87 5,73 7.61 1.87
0.70 B8-3/8 2.07 3.01 3.95 5.86 777 1.91
0,71 8-1/2 2.12 3.07 4.04 5.99 7.94 1.95
0.72 B-5/8 2.16 3.14 4.13 6.12 8.11 1.98
0.713 8-3/4 2.21 3.231 4.22 6.24 8.28 2.03
0.74 8-7/8 2.26 3.28 4.31 6.38 B4s 2.08
0.75 9 2.31 3.35 4.40 €51 8.62 2.12
076 9-1/8 2.36 3.42 4.49 6.64 .20 2.16
0.77 G.1/4 2.41 3.49 4.58 6.77 a8.97 2.21
0,18 9-3/8 2.48 3.56 4.67 6.90 .15 2.24
0.72 9-1/2 2.51 3.63 476 7.04 $.33 2.29
0.80 9-5/8 2.56 370 4.85 T.18 9.51 2.33
.81 9-3/4 2.61 3.1 4.95 7.31 9.69 2.38
.84 9-13716  Z2.66 3.84 5.04 T.40 9.87 2.42
(.83 9-15/16  2.73 3.92 5.14 7.59 10.05 2.46
0.84 16-1/36  2.77 3.99 5,23 713 10.23 2.51
0.85 10-3/16  2.82 407 5.33 1.87 10.42 2.55
0.86 i0.6/16 2 R7 4.14 543 8.01 1060 2.60
0.87 16-7/16  2.93 4.22 5.52 8.15 10.79 2.64
0.88 16-9/16 2,98 4.28 5.62 8.30 10.98 2.69
0.89 16-311/16 3.04 4.37 572 B.44 11.17 2.72
0.80 10-13/16 3.09 4.45 5.82 8.59 11.36 .77
.51 19-18/16 3.15 4.53 0.92 8.73 11.56 2.828
.92 11-1/186  3.20 4.60 6.02 8.58 11.74 2.87
0.93 11-3/16  3.26 4.68 6.13 9.03 11.94 2.91
0.94 11-1/4 3.32 4.76 8,23 9.17 12,13 2.96
0.95 11-3/8 337 4.84 6.33 9.32 12.33 .00
0.96 11-1/2 3.43 4.92 6.44 948 12.53 3.05
0.97 11-5/8 3.49 5.60 6.55 9.62 12.72 3.10
0.98 11-8/4  3.55 5.09 6.64 9.78 12.92 314
0.99 11-7/8 3.61 5.17 6.75 9493 13.12 3.19
1.00 12 3.67 5.25 6.86 10.08 13.32 3.24
1.01 12-1/8 - 5.33 6.96 10.24 13.53 3.99
1.02 12-1/4 5.42 .07 16.40 13,73 3.34
1.03 12-3/8 5.50 7.18 10.55 13.94 2.88
104 12-1/2 5.59 7.29 10.71 14.15 343
1.05 12-5/8 5.67 7.40 10.87 14.35 3.48
1.06 12-3/4 5.76 1.5 11.03 14.56 3.53
1.07 12-13/18 5.84 7.62 11.18 14.76 3.58
1.08 12-15/16 5.93 7.13 11.35 14.98 3.63
i.08 13-1/16 G.02 | 1.84 11.51 1510 3 .68
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Table 4 {Conciuded). Flow over Cipolletti weirs.

i:;%r_ eacir;l
additiona
Crest length (L) foot of crest
Head Heoad 10foet  15fest 2.0feet 3.0feet 4.0feet inexcess
in ft. in inches, of 4 ft.
“H approx. Flow in cubic feet per second lapprox.]
1.10 13-3/16 §.11 1.36 11.68 15,41 3.74
1.1} 13-5/16 6.20 8.07 11.84 15.62 3.79
1 137716 6.29 #.18 12.00 15.84 3.84
1.13 13-9/18 6.37 8.29 12.18 16.04 3.88
i.14 13-11/18 6.46 841 12.32 16.26 3.94
115 13-13/16 6.56 853 12.50 16,48 3.98
116 13-15/16 6.65 8.65 12.67 18.70 4.08
1.17 14-1/16 6.74 8.78 12.84 16.93 4.08
1.18 14-3/186 6.83 8.88 13.01 17.15 4.14
1.19 i4-1/4 A.93 9.00 15.18 17.37 4.1%
1.20 14-3/8 7.02 9.12 13.35 17.59 4.24
1.21 14-1/2 7.11 8,24 13.52 17.81 4,29
1.22 14-5/8 7.20 9.36 13.69 18.03 4.34
1.23 14-3/4 7.30 2.48 13.87 18.27 4.40
1.24 14-7/8 7.40 9.60 14.04 18,49 4.46
1.26 15 7.49 9.72 14.21 18.71 4.51
1.26 15-1/8 14.39 18.95 4.57
1.27 15-1/4 14.58 19.17 4,62
1.28 15-3/8 14.74 19.41 4,687
1.29 15-1/2 14.92 19.65 4.73
1.30 15-5/8 . 156.11 19.88 4.78
1.31 15-3/4 - 15.29 20,12 4.82
1.32 15-13/16 1546 20.34 4.88
1.33 1519/16 15.64 20.58 4.94
1,34 16-1/16 15.82 20.82 4.99
1.35 16-3/186 16.01 21.06 505
1.38 16-6/16 16.19 21.29 510
1.7 16-7/16 16.37 21.53 5.16
1.38 16-9/16 16.57 21,78 5.22
1.39 16-11/16 16,75 22.02 5.28
1.40 16-13/186 16.94 22.27 5.33
141 16-15/16 17.13 2251 5.39
1.42 37-1/16 17.01 28 75 5.44
1.43 17-3/16 17.51 23.01 5.50
1.44 17-1/4 17,70 23.26 5.55
1.45 17-3/8 17.89 23.50 5.62
1.16 17-1/2 18.08 23.75 5.67
1.47 17-5/8 18.28 24.01 5.73
148 17-3/4 18.47 24.26 5.79
1.49 17-7/8 18.66 24.50 5.84
1.59 18 18.85 24.75 5.81
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Table 5. Flow over 90" V-notch weirs in cubic feet per second.*

Head Discharge Head Discharge Head Discharge
H 5 H Q H g
Feet or Inthes Sec-feet Feet or Inches  Sec-feet Feet or Inches  Sec-feet

.10 1-3/16  G.008 .50 6 0.445 90 10-13/16 1.92
11 1-6/716  (.010 .51 6-1/8 0.468 81 10-15/16 1.97
1z 1.7/16 0012 .52 6-1/4 0,491 92 11-1/16 2.02
13 1-9/16 G018 .53 5-3/8 0.515 83 11-3/16 2.08
.14 i-1:/16 0919 D4 6-1/2 0.539 Bg 11-1/4 2.13
15 1-13/16  9.02% .55 §-5/8 0.564 .95 11-3/8  2.19
16 i-16/16 0.026 .56 6-3/4 .590 96 11-1/2  2.25
17 2-1/16  0.03% 57 6-13/16 0.617 97 11.6/8 231
B 2.3/18 H.035 .58 6-15/16 (0.644 68 11-3/4 2.37
19 2-174 0.040 .58 7-1/16  0.672 98 11-7/8 243
20 2-3/8 9.046 .60 7-3/16 0.700 1.60 12 2.49
21 2.1/9 0.052 61 7-5/16  0.730 1.01 12-1/8  2.55
22 2-5/8 {.058 62 7-7/16  0.760 1.02 12-1/4 281
.23 2-3/4 {.085 .63 7-9/16  0.790 1.03 12.3/8  2.68
24 2-7/8 0.072 64 7-13/16  0.822 1.04 12-1/2 2.74
25 3 (.080 65 . 6-13/16 (0.B54 1.05 12-5/8 2,81
26 3-1/8 0.088 .66 T-16/16 0.887 1.06 12-3/4  2.87
27 3-1/4 0.096 .67 8-1/16  0.92% 1.07 12-13/16 2.94
28 3-3/8 0.106 68 8-3/16  0.955 1.08 12-16/16 3.01
At} 3-1/2 0.115 6% 8-1/4 0,993 1.09 13-1/16 3.08
30 3-5/8 0.125 .10 8-3/8 1.03 1.10 13-3/16 3.15
31 3-3/4 0.136 11 8.1/2 1.06 1.11 13-5/16 3.22
32 3-13/18 ©.147 12 B-5/8 1.10 112 15-7/16  3.30
a3 3-15/168 0,159 13 8-3/4 1.14 £.13 13-9/56 337
34 4-1/16  0.171 74 8-1/8 1.18 1.14 13-11/16 3.44
35 4-3/16  {.184 b 9 1.22 1.15 13-13/16 3.52
36 4-5/16 0,197 .76 8-1/8 1.28 1.16 13-15/16 3.59
37 47716 0.211 77 9-1/4 1.30 1.17 14-3/16 3.67
.38 4-9/16  0.225 78 3.3/8 1.34 1.18 14-5/16 375
.39 4-11/16 0.240¢ 79 9-1/2 1.39 1.19 14-1/4 283
.40 4-13/18 0.256 80 9-5/8 1.43 1.20 14-3/8 391
A1 4-15/16 0.272 81 9-3/4 1.48 1.21 14-1/2 3.99
42 5-1/16 0,289 82 9-13/16 1.52 1.22 14-5/8 4067
.43 5-3/16 0,308 .83 9-15/16 1.57 1.23 14-3/4  4.16
44 5-1/4 0.324 .84 10-1/16  1.61 1.24 14-7/8  4.24
45 5-3/8 ¢.343 .85 16-3/16 1.66 1.25 15 4.43
46 5-1/2 0.362 86 10-5/16 1.7}

47 5-5/8 0.382 .87 10-7/16 1.76

48 5-3/4 0.403 .88 10-9/16 1.81

49 5-7/8 0.424 .89 19-11/16 1.86

* Computed from Cones formula: Q=2.49H?® «

28




4Bz AV 1970 = §o8nuiIo] ey} woyy punduio),

9€¢g aoF 892 107 vl 7680 0Le0 /96 020
8T% 96'¢ 92 86'T 201 8LE0 8540 /1% 620
g1'g 88¢ 655, ¥6'1 gL 2980 9¥9'0 B/E-€ 82°0
80'G 8¢ ¥SE 161 Ll 9v8'0 929°0 ¥/1E L0
GEY PLE 6¥g 181 G 1680 vas'0 R/1-E 92'0
B68°Y LO'e L4 681 2et $i8'¢ 3190 ¢ €20
BLF 09'g (1] 081 0l S6L'0 00970 8/L-2 ¥2'0
69°F 29'¢ SEE 9LT LTI 18L°0 1880 $/6-2 £2'0
69F or'e 08E oLl [ $94°0 yLE0 §/6-2 %30
BpF g be's 891 711 ¥ 1950 3/1-% 120
8t¥ 88°€ 813 PO T 60'1 624'0 Lrs o /5% az'Q
9z 0z'e £1% 091 LOT 0140 EES'0 ¥/1-2 610
STy g 802 9c'1 PO'T 16470 6180 91/5°% 810
£UF 208 2T 151 101 150 ¥05°0 91/1-% L10
16¢ £6°7 961 L1 BLEO 1690 687°0 g1/81-1 910
608 ¥8C 0e'l Bb'1 LYED 189°0 PLFO 81/81-1 e1’0
99t SLE £5°1 L1 S160 60970 840 91/11-1 vi'0
258 29z TR 3T ZBy'0 LBE'D 10 91/6°1 €10
66€ P83 641 L1 LY ¥95°0 ¥35 0 91701 10
vE'E £F'G PN A 1180 ove'o 9070 91/0-1 110
60 FA A 941 9171 ELLO 8160 L8T°G 91781 010
T 0Z'% L¥T o'l pELO 88¥°0 L92°0 140 600
LLZ LOZ 8¢°T vO'L 169°0 1950 gps0 91/¢1 8O0
602 ¥e'1 621 1670 LP9'0 1880 ¥22°0 a1/el LOO
Ur'e 081 Uzl 66570 6650 66€0 00s'G ¥/8 80°0
61'E vyl 801 03870 %50 FOe 0 LY G 8/9 <00
9€'1 LPT BLE'D PELO 6810 9280 oy /1 F0'0
£9°1 Ll L¥ED 589°0 AR Z8E0 21 8/€ £0°0
861 b0l 1660 81970 9¥20 4L2°0 AN B/l 700
60 £L0 6850 L9870 $He0 £91°0 FAANY 8/1 100
) bs 00°E 13 'bs gt 3 "bs 801 33 'bs grp 3y bsgag 1 -bsgegd '35 be ggp sayouiup  199) uj
antjlio Jo "y "ERIE [BUOIIDEE-SEQI]) H PHEH 2A1I94I T

«Puodas 1ad 728} o1qNO Ul SEOYLI0 pafpuwIqns JR[NIURIOAL YINON[I MOLf 9 AYEL

29



85°L 89 €L'E $8'Z 06°1 921 L¥6'0 1/6-L 09'0
9L v9°g 8L'e 22'3 98’1 G781 626'0 91/1-L £6°0
oy L 60'C £L'e 6L°2 981 ¥l 1260 91/519 860
88 L $5'g 69°C LL'E 08'1 £2'1 L26'6 91/£1-9 1870
2€L 6¥'¢ $9'D SL'g 81 281 G160 $/8-9 960
g ¥ g 9e 3L'T 81 131 1360 8/6-9 ¢eQ
61°L 68°S 65°€ L'z 081 0zt 8580 %/10 80
L ve'g 99°g L9% L1 611 0680 8/6-9 £5°0
0L 626 £0°8 S9'g L1 L1y 80 ¥/1-9 %60
€6°9 ¥2'g T 29'g 84T 91 £L80 8/E-9 1870
769 61°G LT 822 1 §1°1 g0 9 050
8’9 pI'g Ir'E 18T 1Lt AN 958'0 8/L-9 6¥'0
£L°9 802 60 4T DLy £€1'1 Lygo F/E- 8¥°0
L9 P0G 95°g 5% 39°1 11 6eR'0 §/9-¢ AP0
19 86°% 5E'E 6¥'2 99°1 or't 628°0 %/1e 0
a9 6k §2°¢ 95T P91 60°1 ird ] 8784 §¥°0
6F°9 LBV ¥3'E £V'Z 79°1 80°1 1180 b/1-4 Yo
er'g 18°F e 1144 29'1 101 2080 91/£-9 £
1ES aLp Mg §8'2 541 90°% Z6L'0 91/1:9 ir'g
129 oLy g 87 Lg'f ¥l £8L0 91/8l-v o
61°9 o'y 80°€ gE'% 881 £0°1 LG 9L/l ¥ 0y
19 9eF 50°¢ 62'7 £S'1 201 1L0 91/11F 650
20Y A 50 92'e 121 001 ¥GLO 91/6¥ 8E°0
°5°G 9kt 36'C €2E 6% 1 166°0 YL 0 91/L¥ +€°0
188 or'y 5% 02’2 Ly 9L6'0 $EL'O 91/9¥ $£°0
9L'g PE'V 388 LIE Sl £96°0 ¥EL O E/EY ££°0
0L§ 82'F 38°% ¥1'% £F'1 046°0 EILQ 9L/1-F Y0
39°g 2Z'¥ 185 118 1%t 986°0 LOL'0 91/91-¢ LE'0
£y EU'F LB LO'E BE'1 026°0 269°0 91/£18 10
g 80'% BL'Z 50'2 98°1 BO6'0 189°0 v/eE 180
RIRLEE "33 °bs 0% 95 b8 0071 13 bseLg apbs g cbs gEE0 3 bsgzo sayoul U Jesy uf

BIILIO 10 Y 'BEIR [BUOITIEIE-55047)

H PBeH 9ANRT

-puoves Jad 190] 21ND Ul SAIYLI0 padiewqns Jemiurioes YANONYI KO *(PINUIIUC]D} 9 JGRL

30



5.8 949 #e'y rg i) o4 9¥'1 60'1 8/8-6 08'0
] 799 g 93¢ LI'Z g7l 60'1 2/1-6 64'0
9’8 25’9 ey voe a'g Pl 501 8/6-6 gL'0
95'8 er'e T¥ 43 14 £yl 101 v/1-8 LLo
£4'8 0¥'9 93y 078 €17 'l 161 8/1-6 940
2r'e 94°'9 vIy BI'E 444 vt 5071 @ g0
e 1t'9 3% 91g ore or't Wl 8/L-8 wLO
9e'8 LZ'9 el'¥ 4% 608 61 W01 /09 £L0
0r'g £2°9 oy ¢ §0°3 81 W'l 8/4-8 3L
98 619 ey 80°¢ W07 LE'T £0°1 Z/18 L0
8r'g y1'9 6y v LOE 90'5 9e'] w0t 8/8-8 oL'o
erg 019 9yt c0'e £0°3 ge'l g AR 69'0
9'8 90’9 g0t 30t (1§ Vel 101 9T/ 89°0
108 109 orp 00°E s 8e'1 001 91/1-8 L9°0
%3'L 96'g LB'E 86'2 6671 ze'l £66°0 9E/8T-L 99°0
834 26°¢ WE 96'7 161 310 986'0 81/¢1-4 99°0
Z8'L LG 16°E £6'% 66'1 06t 8160 81/11-4 v9°0
9L 8's 8'e 162 16'1 621 1.6'0 91/6-L £9°0
oL 8L’g 'L 68°2 6T gzl £06°0 91/LL 790
vo'L £L8 4 L8% 1671 Lzt 4560 A/eL 19°0
4 'bs 00’3 W bs0g'l 23 'bs g0 13°bs gL "y bsggo ) bS gEE0 s oz soyouru 1993 U]
L0 JO Y 'BAIE [BUITIIBE-S50LT) IEELETELE R i

-puooes tad 00§ DIqND U} §301LI0 peBreuIgns aepndueioas y3nory) Mol "(panuljuc)) 9 SIqRL

31



Table 7. Free flow through Parshall measuring flumes
in cubic feet per second.

Head Throat width
Feet inches 3. Lo} 9 1 L A
tapprox.} {Flow in cubic feet per second)

0.10 1-3/18 0.028 (.05 0.09 0.11 Q.15

0.11 1-5/16 0.033 008 0.10 0.12 0.18

0.12 1-7/16 0037 0.07 0.12 0.14 0.20

0.13 1-9/18 2042 008 0.14 0.16 0.24

0.14 1-11/316 0047 NOG .18 Nt

0.15 1-13/16 0.058 010 0.17 0.20 0.36

0.18 1-16/16 0.058  0.311 ¢.19 0.23 0.34

0.17 2-1/16 00684 012 0.20 0.28 0.38

0,18 2-3/16 0070 014 0.22 0.29 0.42

.1y 4-1/4 0.076 0.13 0.24 0.32 0.46

0.20 2-3/8 0082 0.16 0.26 0.35 .50 (.66
.21 2-1/2 0083 0.18 0.28 08.37 0.54 071
0.22 2-5/8 0.095 0.19 0.30 0.40 0.58 .77
0.23 2-3/4 0102 0.20 0.32 0.43 0.63 0.82
0.24 2-7/8 0109 022 0.35 0.46 0.67 (.88
.25 3 0117 (.23 0.37 0.49 0.71 0.93
0.26 3-1/8 0.124 025 0.39 0.51 .76 0.99
0.27 3-1/4 0.131  0.26 0.41 0.54 0.80 1.08
0.28 38 0.138 (.28 0.44 0.58 .85 1.11
0.29 3-1/2 0.146 .29 0.46 0.61 G.9¢ 1.18
0.30 3-5/8 0.154 (.31 0.48 0.64 0.94 1.24
0.31 3-3/4 0162 (.32 0.51 0.68 0.99 1.30
0.32 2.13/18 G170 N34 .54 .71 1.04 1.37
0.33 3-15/18 0.17%  G.36 0.56 0.74 1.08 1.44
0.34 4-1/16 0.187 0.38 0.59 .77 1.14 1.50
0.35 4-3/16 0.196 0.39 0.62 0.80 1.19 1.57
0.36 4-5/16 0,205 041 0.64 0.84 1.25 1.64
0.37 4-7/16 0.213 043 0.67 0.B8 .30 1.72
0.38 4-9/16 0.222 0.45 0.70 0.92 i.26 1.79
0.38 4-311/18 0231 0.47 0.73 0.85 1.41 1.86
.40 4-13/16 0.241  0.48 0.76 0.9% 1.47 1.93
n.41 4-15/16 0.250 (.50 0.78 1.03 1.53 2.01
0.42 5-1/16 0.260 0.52 0.81 1.07 1.58 2.09
0.43 5-3/16 0.269 (.54 0.84 1.11 1.64 2.16
0.44 5-1/4 0278 (.56 0.87 1.15 170 2.24
.45 5-3/8 0.28% (.58 0.90 1,19 1.76 2.32
0.46 5-1/2 G299 0.61 0.94 1,23 1.82 2.40
0.47 5-5/8 0309  0.63 0.97 1.27 1.88 2.48
0.48 5-3/4 0319 065 130 131 1.94 2.57
0.49 5.1/8 0.328  0.67 1.03 1.35 2.00 2.85
a.50 B 0,336 DAL LU .39 2.08 2.73
0.51 6-1/8 0350 0.91 1.10 1.44 2.13 2.82
0.52 6-1/4 0.361 0.73 113 1.48 2,19 2.90
.53 6-3/8 0.371  0.76 116 1.52 2.25 2.99
0.54 6-1/2 0382 0.78 1.20 1.57 2,32 3.08
0.55 6-5/8 0394 080 1,43 1.62 2.39 3.17
(.56 6-3/4 0.404 0.82 1.26 1.66 2.45 3.26
0.57 6-13/16 04315 0.85 1.30 1.70 2,62 3.35
0.568 6-15/18 0.427 0.87 1.33 1.75 2.59 3.44
0.5¢ 7-1/18 0.438 0.89 1.37 1.80 2.66 3.53
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Table 7 {Continued). Free flow through Parshall measuring flumes
in cubic feet per second.

Head Throat width
Feet Inches 3 & Q i 1.5 2 3
{approx.) {Flow in cubic feet per second}

.60 7-3/16 0.45¢ 092 1.40 1.84 2,73 362 5.39
0.61 75718 0.462 094 1.44 1.88 2.80 3.72 5.63
.62 7-1/18 0474 097 1.48 1.893 .87 3.81 5.88
0.63 T-9/16 0.485 099 i.51 1.98 2.95 39 5.82
0.64 7-11/16 0.497 LU 1.06 2.03 3.02 4.01 5.97
0.65 713716 0508 1.04 1.59 2.08 3.09 4.11 §.12
0.66 7-15/16 0.522 1.07 1.63 2.13 3.17 4.20 6.26
.87 81/16 0.534 1.10 1.66 2.18 3.24 4.30 6.41
0.68  8-3/1% 0.546 1.12 1t 2923 331 440  B.56
0.69 8174 - 0.558 115 1.74 2.28 3.39 4.50 8.71
0.70 8-3/8 0571 137 1.78 2.33 3.46 4.60 6.86
0.71 8-1/2 G584 120 1.82 2.38 3.54 4,70 7.02
0.72 8-5/8 0.597 1.23 1.86 2.43 3.62 4.81 717
(L] 8-3/4 0.610 1.26 1.0 2.48 3.69 4.91 7.33
0.74 8-1/8 0.623 1.28 1.94 2.53 3.17 5.02 7.49
0.75 9 1.31 1.98 2.58 3.85 5.12 7.65
0.76 9-1/8 1.34 2.02 2.63 3.93 5.23 7.81
017 9.1/4 1.36 2.06 2.68 4.01 5.34 .97
0.78 9.3/8 1.39 2.10 2.74 4.09 5.44 813
0.79 9.1/2 1.42 2.14 2.80 417 5.55 8.30
(.80 9.5/8 1.45 2.18 2.85 4.26 5.686 B.46
0.81 9-3/4 1.48 2.22 2.90 4.34 5.77 B.63
Q.82 9-13/36 1.50 2.2% 2.96 4.48 5.88 8.79
0.83 9-15/16 1.53 2.3t 3.02 4,50 6.00 8.96
0.84 16-1/16 1.56 2.35 3.0 4,69 6.11 9.13
0.85 10-3/16 1.59 2.39 3.12 4.69 6.22 9.30
0 84 10-5/16 1.62 2.44 3.18 4.76 6.33 9.48
087 10-7/16 1.65 2.48 3.24 4.84 6.44 .65
.88 10-9/186 1.88 2.52 3.28 4.93 6,56 9.82
0.89 10-11/18 1.7% 2.57 3.35 5.01 6.68 10.0
0.90 10-13/16 1.74 2.61 3.41 5.10 £.80 10.2
0.91 10-15/16 1.77 2.66  5.46 539 602 10.4
0.92 11-1/16 1.81 2.70 3.52 5.28 7.03 0.5
0.93 - 11-3/16 1.84 2.75 3.58 5.37 7.15 0.7
G.94 11-1/4 1.87 2.79 3.64 5.46 7.27 10.9
0.95 11-3/8 1.90 Z.84 3.70 5.55 7.39 11.1
.96 11-1/2 1.93 2.88 3.76 5.64 7.5} 11.3
0.97 11-5/8 1.97 2.93 3.82 5.73 1.63 114
0.98 11-3/4 2.00 2.98 3.88 5.82 7.75 11.6
.99 11-7/8 2.03 3.02 3.94 5.91 7.88 1.8
1.00 12 2.08 3.07 4.00 6.00 2.00 12.0
1.0 12-1/8 2.09 3.12 4 .06 6,09 8.12 12.2
1.02 12-1/4 2.12 3.17 4,12 6.19 8.25 12.4
1.03 12-3/8 2.18 321 4.18 6.28 8.38 12.6
1.04 12-1/2 2.19 326 4.25 6.37 8.50 12.8
1.05 12-5/8 2.22 3.31 4.31 6.47 8.63 13.0
1.08 12-374 2.26 3.36 437 6.56 8.76 13.2
1.07 12-13/16 2.29 340 4.43 6.66 8.88 13.3
1.08 12-15/16 2.32 3.45 450 6.75 9.01 13.5
1.00 18-1/%6 2 A6 .50 4 .56 6.85 8.14 137
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Table 7 {Continued}. Free flow through Parshall measuring flumes
in cubic feet per second.

Head Throeat wideh
Feet _ Inches 3. 6" g i 1.5 2 3 q
{approx.} {Flow in cubic feet per second)

1.10 13-0/16 2.4¢ 3.55 4 .62 6.95 827 13.9 i8.8
111 13-5/16 2.43  3.60 468 104 940 141 18,2
1.12 13-1/16 2,46 3.65 4.75 7.14 9.54 14,3 19.]
113 13-9/16 250 370 482 724 967 145 194
114 13-11/16 253 375 488 734 D80 147 197
115  13-13/16 257 380 494 744 994 149 19§
116 13-15/16 260 385 561 754 1001 151 202
117 14-1/18 266 390 508 7684 102 153 203
118 14-3/16 268 3985 515 774 103 156 208
119 14-1/4 591 461 521 784 165 158 2.1
1.20 14-3/8 275 408 528 784 106 160 213
101 14-1/2 278 4,11 53¢ B05 108 162 218
122 14-5/8 282 418 541 815 109 164  21.9
123 14-3/4 2.86 422 548 B25 110 168  22.2
1.24 14-7/8 289 427 555 836 112 168 235
125 15 432 562 846 113 170  22.8
1.26  151/8 437 569 856 115 172 23.0
1.27  15-1/4 443 576 867 11.6 174 233
128  15:3/8 448 582 877 117 117 236
129 15-1/2 453 589 888 119 119 239
130 155/8 459 596 899 120 181 242
131 1534 464 603 909 122 183 245
132 15-13/18 469 610 920 123 185 248
1.03 15-15/16 4.70 G.18 .30 12.4 18.8 25.%
134 16-1/18 480 625 941 12.6 180 254
135 183/16 486 632 952 127 182 257
136  16-5/18 492 639 963 129 194 260
137  16-7/16 4.97 646 974 130 196 263
138 18-9/16 503 653 98 132 199 268
139 16-11/16 508 660 995 133 201 269
140  16-13/16 668 101 135 203 2782
141  16-15/16 675 102 136 208 275
1.42 17-1/16 6.62 14.9 13.8 20.8 27.8
143 17-3/16 689 104 139 2.6 281
144  17-1/4 697 105 1431 2.2 285
145  17-3/8 704 106 142 213 288
146  17-1/2 712 107 144 217 291
147 175/8 719 108 145 219 294
148  17-3/4 7.26 11.0 147 222 207
149  17-7/8 734 111 149 224 300
1.56 18 7.41 112 150 226 303
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Table 8. Free flow through trapezoidal measuring flumes

in cubic feet per second.

Flume No. 1 Flume No. 2
{1 foot bottom width} {2 foot bottom width)
Measured Measured
along Measured along Measured
slopin in vertical slopin in vertical
Feet Inches sidewa direction sidewall direction
0.26 2-3/8 0.16
0.21 2-1/2 0.18
0.22 2-5/8 0.19
0.23 2-3/4 0.20
0.24 2-7/8 0.22
0.25 3 0.23
.26 3.1/8 0.24
6.27 3-1/4 0.26
0.28 3-3/8 0.28
0.29 3-1/2 0.20
0.30 3-5/8 0.18 0.31 0.67
0.31 3-3/4 G.18 0.33 0.70
0.32 3-13/16 0.20 0.38 0.74
0.33 3-15-16 0.21 0.37 0.77
0.34 4-1/16 0.22 0.39 0.81
0.35 4-3/18 0.23 .42 0.84
0.36 4-b/16 0.24 (.44 0.88
.37 4-7/16 0.25 (.46 0.92
.38 4-9/16 0.26 G.48 098
0.3¢ 4-11/16 0.27 0.53 1.60
.40 4-13/16 0.28 (.54 1.04
841 4-15/186 0.29 0.56 1.09
042 5-1/16 .31 0.69 1.13
0.43 5-3/16 (1374 1R ¥ 1.18
0.44 5-1/4 6.33 0.865 1.22
0.45 53/8 0.35 (.68 1.27
.46 5-1/2 0.36 0.71 1.32
0.47 5-5/8 0.38 0.74 1.37
0.48 5-3/4 0.39 0.78 1.42
0.49 5-7/8 0.41 0.81 1.48
0.50 6 0.42 0.84 0.71 1.53
.51 6-1/8 (.44 0.B8 0.73 1.58
0.52 6-1/4 0.46 0.92 0.75 k.Bb
0.53 6-3/8 0.47 0.95 0.77 1.70
0.54 5-1/2 0.49 0.94 0.80 1.76
0.55 6-5/8 0.5 1.03 0.82 1.83
0.56 8-3/4 0.52 1.07 0.84 1.80
0.57 6-13/16 0.54 1.11 (.86 1.95
0.58 6-15/16 0.58 1.1 0.89 2.92
0.59 7-1/16 0.58 1.20 0.91 2.09
0 ARG 7-3/16 0.60 1.24 .94 2,15
0.61 T-5/18 .62 1.29 0.96 2.22
0.62 7-1/16 0.64 1.34 0.99 2.30
0.83 7-89/16 0.66 1.38 1.01 2.37
0.64 7-11/16 0.69 1.43 1.04 2.44
0.85 718716 071 1.48 1.07 2.52
0.66 7-15/16 673 1.53 1.08 2.59
0.67 8.1/16 0.76 1.58 1.32 2.67
.68 8-3/16 0.78 1.64 1.35 2.75
(.69 8.1/4 0.80 162 1.18 2.83
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Table 8 {Continued). Free flow through trapezoidal measuring flames.

Flume No. I Flume No. 2
(1 foot bottom width) 12 foot bottom width)
Measured Measured
along Measured atong Messured
slopin in vertical slopin in vertical
Feet Inches sidewall direction sidewall direction
0.70 8-3/8 0.83 1.74 1.2% 2.92
0.71 8-1/2 0.85 1.80 1.24 3.00
0.72 8-5/8 {.88 1.86 1.27 3.09
0.73 8-3/4 .20 1.92 1.36 317
74 8-7/8 0.93 1.87 1.3 3.25
0.75 9 0.96 2.03 1.36 3.35
0.76 9-1/8 0.98 2.10 1.40 3.44
0,77 9-1/4 1.01 2.16 1.43 3.54
Q.78 4.3/8 1.04 2.22 1.46 3.63
0.79 9-1/2 1.07 2.29 1.50 3.73
0.80 9-5/8 1.18 2.35 1.53 3.82
.81 9-3/4 1.13 2.42 1.56 3.92
0.82 9-13/16 1.16 2.49 1.60 4.03
0.83 9-15/16 1.19 2.56 1.64 4.13
0.84 10-1/16 1.22 2.63 1.67 4.23
0.85 i0-3/16 1.25 2.10 1.71 4.34
0.86 10-5/16 1.28 2.7 1.75 4.45
0.87 NTF/16 1.31 2.84 1.78 4.56
(.88 10-9/16 1.35 2.92 1.82 4.67
0.89 10-11/16 1.38 3.60 186 4.78
0.80 10-13/186 1.41 3.07 .90 4.89
.91 10-15/16 1.45 3.15 1.94 5.01
.92 11-1/16 1.48 3.28 1.98 5.18
0.93 11-3/18 1.52 3.31 2.02 5.24
0.94 11-1/4 1.56 3.39 2.08 5.38
Q.95 11-3/8 1.59 3.48 2.11 5.49
0.as 11.1/2 1.83 3.56 2.15 5.61
0.97 11-5/8 1.67 3.65 2.19 5.74
0.98 11-3/4 1.71 3.74 2.24 5.86
.99 11-7/8 1.74 382 2.28 5.99
1.06 12 1.78 3.91 2.33 §.12
1.01 32-1/8 1.82 4.00 2.97 £.26
1.02 12-1/4 1.86 4.10 2.42 6.39
1.03 12-3/8 1.91 4.19 2.46 6.53
1.04 12-1/2 1.95 4.28 2.5 6.66
1.05 12-R/8 1.99 4.38 2.56 6.80
1.06 12-3/4 2.03 4.48 2.61 6.95
1.07 12-13/18 2.08 4.58 2.66 7.09
1.08 12-15/16 2.12 4.68 2.7 7.23
1.08 13-1/18 2.16 4.78 2.76 7.38
1.i10 £3-3/16 z2.21 4.88 £2.81 7.53
111 13-5716 2.25 4.98 2.86 7.68
1.12 13-1/16 2.30 5.09 2.91 7.83
1.13 13-9/16 2,35 5.20 2.96 7.98
1.14 13-1:/16 2.40 5.30 3.02 5.14
1.15 13-13/16 2.44 541 3.07 8.30
1.16 13-15/16 2.49 5.52 3.12 8.46
1.17 14-1/18 2.54 5.63 3.18 8.62
1.18 14-3/18 2.5%9 5.75 3.23 a.78
1.19 14-1/4 2.64 h.RB 3.29 8.95
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Table & (Continued). Free flow through trapezoidal measuring flumes.

Flume Ne. 1 Flume No. 2
{1 foot bottom width) {2 foot bottom width}
Meazured Meogured

along Measuared along Measured

stopin in vertical slopin in vertical

Feet Inches sidewa direction sidewall direction
1.2¢ 14-3/8 2.69 5.98 3.34 9.11
1.21 14-1/2 2.74 6.10 3.40 9.28
1.22 14-5/8 2.79 6.21 3.46 9.45
1.23 14-3/4 2.84 6.33 3.52 9.62
1.24 14-7/8 2.90 6.46 3.58 9.80
1.25 15 2.95 6.58 3.64 9.98
1.26 15-1/8 3.00 6.70 3.70 10.15
1.27 15-1/4 3.08 6.83 3.16 10.33
1.28 15-3/8 3.11 6.96 3.82 10.52
1.29 15-1/2 3.17 7.08 3.68 10.7¢
1.3¢ 15-5/8 3.28 3.94 16.88
1.31 15-3/4 3.28 4.00 11.07
1.32 15-13/16 3.34 407 11.26
1.33 15-15/16 3.40 4.13 11.45
1.34 16-3/16 3.48 4.20 1165
1.35 16-3/16 3.52 4.26 1184
1.36 16-6/16 3.58 4,33 12.04
1.37 16-7/18 3.64 4.40 12.24
1.38 16-8/16 J.70 4.46 3344
1.39 16-11/16 3.76 £.53 12.64
1.40 16-13/16 3.82 4.60 12.85
1.41 16-15/16 3.89 4.67 13.06
1.42 17-1/16 3.95 4,74 13.28
1.43 17-3/18 4.02 4.81 13,48
1.44 17-1/4 4.08 4.88 13.69
1.45 17-3/8 4.15 4.96 1390
1.46 17-1/2 4.22 503 14.12
1.47 17-5/8 4.28 5.10 14.34
1.48 17-3/74 4.35 5.18 14.56
1.49 i7-7/8 4.42 5.25 14.79
1.50 18 4.49 5.32 15.01
1.51 18-1/8 4.56 5.40 15.24
1.52 18-1/4 4.63 5.48 15,47
1.53 18-3/8 4.19 5.55 15.70
1.54 18-1/2 4.717 5.63 15.94
1.55 18-5/8 4.84 571 16.17
1.56 18-3/4 4.92 5.7 16.41
1.57 18-13/16 4.99 5.87 16.85
1.58 18-15/18 5.06 5.95 16.89
1.59 19-1/16 5.14 6.03 17.14
1.60 19-3/16 521 6.11 17.38
1.61 19-5/16 5.29 6.20 17.63
1.62 19-7/18 5.8% 6.28 17.88
1.83 19-9/16 5.44 6,386 18.13
1.84 19-11/16 5.52 6.45 18.39
1.85 19-13/16 &.60 6.63 18.85
1.66 18-15/16 5.68 6.62 18.91
1.67 20-1/16 5.78 €.70 19.17
1.68 26-3/16 5.84 6.79 19.43
1.6% 20-1/4 5.92 6.88 18.70
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Table 8 {Continued). Free flow through trapezoidal measuring flumes.

Flume No. 1 Fiume No. 2
{1 foot bottom width} {2 foot bottom width)
Measured Measured

alosy Measured along Measured

slopin in vertical siopin in vertical

Feet Inches sidewa direction sidewall direction
170 20-3/8 6.01 6.97 19,96
1.71 20-1/2 6.09 1.06 20.24
1.72 20-5/8 6.17 7.16 20.51
1.73 20-374 6.26 7.24 20.78
174 20-1/8 6.34 7.33 21.08
175 21 6.43 7.42 231.34
1.76 21-1/8 6.52 7.52 21.62
1.77 21-1/4 6.60 7.61 21.90
1.78 21-3/8 6.69 110 22.19
1.79 21-1/2 6.8 7.80 22.48
1.80 21-5/8 6.87 7.89 22.76
1.81 21-3/4 6.96 1.99 23.06
1.82 Z21-13/16 7.05 B.09 23.35
1.83 21-15/16 7.14 8.18 23.65
1.84 22.1/16 7.23 .28 23.95
1.85 22-3/186 7.33 8.38 24.25
1.86 22-5/18 7.42 8.48 24.55
1.87 23-7/18 7.51 8.58 24.86
1 R& 22-9/18 7.61 8.68 25.17
1.89 22.11/186 7.70 B.79 2548
1.90 22.13/16 B5.89 25.79
1.9% 22-15/16 8.99 26.10
1.92 23.1/16 9.10 26.42
1.93 23-3/16 2,20 26.74
1.94 23-1/4 9.31 27.06
1.95 23-3/8 2.41 27.39
1.96 23-1/2 9.52 27.71
1097 23-5/8 9.63 28.04
1.98 23-3/4 9.74 28.37
1.99 23-1/8 9.85 2871
2.00 24 : 9.96 29.04
2.01 24-1/8 10.07 29,38
2.02 24-1/4 1018 20,72
2.03 24-3/8 10,29 30.07
2.04 24-1/2 10.40 30.41
2.05 24-5/8 10.52 30.76
2.08 24-3/4 10.63 35113
207 24-13/16 10.75 31.46
2.08 24-15/16 10.86 31.82
2.09 25.1/16 10.98 a2.17
2.10 25-3/16 1110 32.53
2.11 25-5/16 11.22 32.90
212 25-7/18 11.34 33.26
2.13 25-9/18 11.46 33.63
2.14 256-11/16 11.58 34.00
2.15 25 13/16 11.70 34.37
2.16 25-15/16 11.82 34.74
2.17 26-1/16 11.94 35,12
2.18 26-3/16 12.07 35.50
2.19 26-1/4 12.1% 35.88
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Table § {Continued). Free flow through trapezoidal measuring flumes.

Flume No. 1 Flume No. 2
{1 foot bottom width} 2 foot bottom widih}
Measured Measured

along Measured along Measured

slopin in vertical sloping in vertical

Feet Inches sidewa direction sigewall direction
2.20 26-3/8 12.32 3626
2.21 26-1/2 12.44 36.65
2.92 26-5/8 12.57 37.04
2.23 26-3/4 12.70 37.43
2.24 26-1/8 12.82 37.82
2.25 27 12.95 38.22
2.26 27-1/8 i3.08 38.62
2.21 27-1/4 13.21 39.02
2.98 27.3/8 13.35 39.42
2.29 27172 13.48 39.83
2.30 27-5/8 13.61 40.24
231 27-3/4 1374 40.65
2.32 27-13/18 13.88 41.06
2.33 27-15/16 14.01 41.48
2.34 28-1/16 14.15 41,90
2.35 28-3/16 14.29 42.32
2.36 28-5/16 14.43 42.74
2.37 IR-7/16 14.56 43.17
2.38 28-9/16 1470 43.60
2.39 28-11/16 14.84 44.03
2.40 28-13/18 14.98 44.46
2.41 28-15/16 15,13 44.90
Z2.42 29-1/16 15.47 415.34
2.43 29-3/16 15.41 45,78
2.44 20-1/4 15.66 46.23
Z2.45 29-3/8 1570 46.67
2.46 29-1/2 15.85 47.12
2.47 25.5/8 15.899 4'1.08
2.48 99-3/4 16.14 48.03
2.4% 29-7/8 16.29 48.49
2.50 30 16.44 48,95
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Equivalent Units of Water Measurement

%t Cubie Foot= 7.48 geilons
= §2.4 pounds
= 1728 cubic inches

1 Gailon = 231 cubic inches
= 5.33 pounas

1 Million Galtons {mg} = 3.0689 acre-fest

1 Acre-inch = smount of water required to cover one acre o inch deep.
« 3,630 vubic leet
= 27,154 gallons
= 226,512 pounds

1 Acre-foot = amount of water required to cover one acre one foot deep.
= 43,560 cubic feet
= 325 850 gallons
= 12 acre-inches

1 Cubic Foot per Second {cfst = 7.48 galions per second
= A448.8B galions per minute
= 50 Idaho Miner's inches

1 1daho Miner's inch = 9 galfons per minute

1 Gallon per Minute {gpm)} = 0.00223 cubic feet per second
= 1440 gallons per day {24 hours)

1 Mitfion Gallons per 24 hours {mgd) = 1.547 cubic feet per sacond.
= R85 gatlons par minsite

1 Cuhic Foot per Second flowing for:

{a} One hour = 9917 acre-inches or approximsately 1 acre-inch.
b} 12 hours = 9317 acre-foot ar approximately 1 acre-foot.
{e} 24 hours = 1.9836 acre-feet or approximataly 2 acra-feet.

1 Pound per Square Inch (psi} = 2.31 feet head of water {column).

1 Foot Head of Water = 0.4335 pounds per square inch,

QxH

HP= 2e60x &

HP = Horse-power required to pump or lift water.

Q = Water to be moved in galions per minute.

H = Head or difference in elevation water is to be lifted in foot.
E = Pumping plant efficiency {rule of thumb - 70%)
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The State is vuly our campus. We desire to work for all citizens of the
State striving to provide the best possible educational and research information
and its application through Cooperative Extension in order to provide a high
quality food supply, a strong economy for the State and a quality of Iife desired

Auwttis M. Mulling
Dean, College of Agriculture

//\\ University of {daho
e
2

)
SA%  SERVING THE STATE
&SERVICE—‘;&\

This is the three-fold charge of the College of Agriculture at your state
l.and-Grant institution, the University of ldaho. To fulfill this charge, the Col-
jege extends its faculty and resources 1o all parts of the state.

Service ... The Cooperative Extension Service has active programs in 42 of
{daho’s 44 counties. Current organizaton places major emphasis on county office
contact and multi-county specialists to better serve all the people. These College
of Agriculture faculty members are supported cooperatively by federal, state and

county funding to work with agriculture, home economics, youth and com-
s Ly devetopimneny,

Research ... Agricultural Research scientists are located at the campus in
Moscow, at Research and Extension Centers near Aberdeen, Caldwell, Parma,
Sandpoint, Tetonia, Twin Falls and at the 1.5, Sheep Experiment Station,
Dubois and the USDA/ARS Seil and Water Laboratory at Kimberly. Their work
includes research on every major agricultural program in ldaho and on econo-
mic and community development activities that apply 10 the statwe as a whole,

Teaching ... Centers of College of Agriculture teaching are the University class-
roums and laboratories where agriculture students can earn bachelor of science
degrees in any of 20 major fields, or work for master's and Ph.D. degrees in
their speciaities. And beyond these are the variety of workshops and training
sessions developed throughout the state for adults and youth by College of Agri-
cuhture faculty,

\- Y
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OTHER MEASURING DEVICES

RAMPED BROAD CRESTED WEIR

&

CONSTANT HEAD ORIFICE TURNOUT
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RAMPED BROAD CRESTED WEIR'

General Description

The ramped broad crested weir (RBCW) has been used successfully in a
number of canals in Southern Idaho and 1= one of several types of broad crested
weirs, This device requires only a single upstrcam depth measurement for
discharge determination. The structure can not be used to regulate flow, but is
capable of accurately measuring a wide range of discharges. Construction
costs for this weir may be relatively lower than other measurement structures used
on larger ditches or canals. The RBCW also passes floating debris and sediment
well, As with other weirs and flumes, normal periodic maintenance is required.

Installation and Measurement

A computer model has been developed for use in designing the RBCW and
allows the weir to be tailored to fit the channcl conhiguration. The computer
program also generates a rating table using the as-built dimensions. Discharge is
then determined by reading the height of water on the staff gauge with the
cotresponding height listed on the computer generated rating table.  Further
detailed information about the weir and computer program may be obtained from
the University of Idaho Kimberly Research and Extension Center or the Idaho
Department of Water Resources.

Schematic view of a ramped broad crested weir,

1 RBCW text and figures reprinted from France, K.E. and Brockway,
C.E., Flow Mcasurcment Using Ramped Broad Crested Weire. Idaho Water
Resource Research Institute, University of Idaho, Moscow, Idaho.
September, 1987. 48




CONSTANT HEAD ORIFICE TURNOUT (CHO)!
General Description

The constant head arifice turnout (CHO) is a combination regulating and
measuring structure that uses an adjustable submerged orifice for the discharge
measurement. The structure has been developed and widely adopted by the
Burean of Reclamation. Its operation is based upon setting and maintaining a
constant head differential (usually 0.20 foot) across the orifice. Discharges are
varied by changing the gate opening, that is, the area of the orifice. The rate of
flow is measured by using the principle that a submerged orifice of a given size
operating under a specific differential head will always pass the same known
quantity of water.

The CHO turnout consists of a short entrance channel leading to a headwall
containing one ur mure gatc-controlled openings, a stilling basin section, and a
downstream headwall with one or more gate-controlled openings that release the
flow into the delivery channel. The turnouts are usually placed at right angles to
the main canal. The upstream gate or gates constitufe the orifice, the size of
which can be increased or decreased by opening or closing the gates. The head
across the orifice is measured at a constant value, usually 0.20 foot, by adjusting
the downstream gate or gates, and is measured by staff gauges or stilling wells
upstream and downstream from the orifice gate headwall.

How to Measure

The opening of the orifice for the desired discharge is obtained from discharge
tables. With the upstream gates set at this opening, the downstream gates are
adjusted until the differential head across the orifice as measured by the staff
gauges or stilling wolls is at the required constant head (usnally 0.20 font). The
discharge will then be at the desired value.

Caral

ELow
fied s

CEETION A«

Schematic view of a CHO turnout with a horizontal inlet channel

ICHO text, figures and tables reprinted from Water
Measurement Manual, Department of Interior Bureau of Reclamation.
Second Edition Revised Reprint: 1984 (Denver) pp. 95-99, 293-299.
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SPONSORS’ HRECTORY

IDAHO DEPARTMENT OF WATER RESOURCES

State Office Eastern Region
1301 North Orchard St. 150 Shoup Avenue
Boise, ID 837067237 tdaho Falls, 1D 83402
327-7900 525-7161
Western Region Southern Region
2735 Airport Way 2148 4th Avenue East
Boise, ID 83705 Twin Falls, ID 83301
334-21% T34-3578

Northern Region
1920 Northwest Boulevard
Coeur d’Alene, ID 83814

765-4639

UNITED STATES DEPARTMENT OF INTERIOR
BUREAU OF RECLAMATION

Water Power & Lands Division Minidoka Froject Office
Federal Building 1359 Hansen Avenue
Box 043-550 West Fort St Burley, 1> 83318
Boise, 1D 83724 678-0461
334-1154

Central Snake Project Office
214 Broadway
Boise, 1D 83702-7298
334-1460

IDAHO WATER USERS ASSOCIATION

Idaho Water Users Association
410 South Orchard
Boisg, ID 83705
344-6690



